Introduction: Electronic cigarettes (e-cigs) are becoming increasingly popular but little is known about how e-cig users' transition between the different device types and what device characteristics and preferences may influence the transition. Methods: Four thousand four hundred twenty-one experienced e-cig users completed an online survey about their e-cig use, devices, and preferences. Participants included in analysis were ever cigarette smokers who used an e-cig at least 30 days in their lifetime and who reported the type of their first and current e-cig device and the nicotine concentration of their liquid. Analyses focused on transitions between "first generation" devices (same size as a cigarette with no button) and "advanced generation" devices (larger than a cigarette with a manual button) and differences between current users of each device type. Results: Most e-cig users (n = 2603, 58.9%) began use with a first generation device, and of these users, 63.7% subsequently transitioned to current use of an advanced generation device. Among users who began use with an advanced generation device (n = 1818, 41.1%), only 5.7% transitioned to a first generation device. Seventy-seven percent of current advanced generation e-cig users switched to their current device in order to obtain a "more satisfying hit. " Battery capabilities and liquid flavor choices also influenced device choice. Conclusion: E-cig users commonly begin use with a device shaped like a cigarette and transition to a larger device with a more powerful battery, a button for manual activation and a wider choice of liquid flavors.
Introduction
Modern electronic cigarettes (e-cigs) were invented in China in 2003, 1 emerged in the United States 2 and Europe 1 by 2007, and have since increased in popularity worldwide. [3] [4] [5] [6] A 2013 report of the International Tobacco Control Four Country Survey found that 7.6% of current and former smokers had tried an e-cig, and of those, 38.7% continued use. 7 Survey research has reported that the most common reasons for initiating use are to reduce or quit conventional smoking, [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] although evidence from randomized controlled trials using e-cigs to aid smoking cessation have shown only modest quit rates. [18] [19] [20] [21] The number of e-cig brands on the market has rapidly grown 22, 23 and because e-cigs are not currently regulated in most countries, 24 the characteristics of the devices vary greatly between brands, making the devices hard to classify and study. [25] [26] [27] Most commonly, devices shaped like a cigarette and without a button to press prior to inhalation are classified as "cigalikes" or first generation devices (FGD) while devices with a larger high-powered battery and a button to press prior to inhalation are classified as advanced generation devices (AGD). By 2009, both FGD brands (eg, Njoy and Blu brands), 28 and AGD brands (eg, Joye 510 and eGo brands) 29 were available in convenience stores, in "vape shops," or online in the United States and in Europe. 11 A 2014 report on e-cigs found that the market share is 65% FGD and 35% AGD, however sales of AGD are predicted to grow rapidly. 30 Few studies have enquired about the types of e-cigs being used or the potential factors influencing a user's choice of device type however one study that did found "ever" users of e-cigs were more likely to use a FGD while "established" users were more likely to use an AGD. 31 "Ever" users were defined as those who had used an e-cig at least once in their lifetime while "established" users were defined as those who had used an e-cig more than 50 times in their lifetime. One possible factor that may influence device type choice is nicotine delivery, which appears to vary with device characteristics. 32 Recent studies of e-cigs have shown that e-cig devices are capable of delivering nicotine and that devices with a larger high-powered battery can deliver nicotine more efficiently [32] [33] [34] [35] [36] and are perceived as providing greater satisfaction and craving reduction, 32 when compared to a FGD. In addition, other factors, such as the device's design features or a variety of nicotine liquid flavor choices may influence the user's choice of device type. McQueen et al. found that experienced e-cig users (those interviewed at an e-cig user's conference) wanted their first device to look like a cigarette, an important design feature, and that they preferred tobacco or menthol flavors when initiating e-cig use. 37 To gain an understanding of the factors associated with the transition between device types, this study aimed to examine the frequency with which e-cig users transition between device types and to identify device characteristics and user preferences that may influence such transitions.
Original investigation

Factors
Methods
Survey E-cig users were invited to complete a 158 item online survey about their e-cig use and preferences. Participation in this study was voluntary and anonymous, although individuals who wished to volunteer for additional research on e-cigs were invited to enter their contact details at the end of the survey. Study data was collected and managed using REDCap electronic data capture tools hosted at the Penn State Milton S. Hershey Medical Center and College of Medicine. 38 REDCap is a secure, web-based application designed to support data capture for research studies. The survey was administered beginning December 2012 and can be found here: https://redcap.ctsi.psu.edu/redcap/surveys/?s=v94cbA. Data reported here was collected from December 2012 to August 2014. Links to the survey were posted on a variety of websites including www.webMD. com, and sites frequented by e-cig users, including www.e-cigaretteforum.com, one of the largest e-cig user websites. Visitors to these sites were also able to cross-post the survey link to friends and other websites.
This study was approved by the Penn State University Institutional Review Board.
Subjects
Participants included in analysis were ever cigarette smokers who have used an e-cig at least 30 days in their lifetime and who reported the type of their first and current e-cig device and the nicotine concentration of their liquid.
Six thousand four hundred ninety-five participants submitted the survey. The data set was checked for likely duplications which were identified as (1) those with the same demographics and email address or (2) those with identical state, city, gender, age, race and occupation. Where duplicates were identified, neither case was included, leaving 6201 participants with complete data. Of the participants with complete data, 142 (2.3%) were removed because they were not a current or past cigarette smoker (52.8% [n = 75] current FGD user), 769 (12.4%) were removed because they used an e-cigarette less than 30 days in their lifetime (62.6% [n = 481] current FGD user), and 189 (3.0%) were removed because they did not report the nicotine concentration of their liquid (52.4% [n = 99] current FGD user). Finally, 681 (11.0%) participants who did not report the type of their first and current device were removed. The final data set consisted of 4421 participants.
E-Cigarette Related Questions
Participants were classified into groups for analysis based on the type of their current e-cig device. FGD and AGD groups were determined using the following 2 questions, "Is your e-cig almost exactly the same length and width as a regular cigarette?" (Yes the same size or smaller than a cigarette/ No, larger than a cigarette) and "Does your e-cig have a button that you can press just prior to inhalation/ puffing?" (Yes/No). E-cig devices that were the same size or smaller than a regular cigarette that did not have a button to press prior to inhalation were classified as FGD. E-cig devices larger than a regular cigarette or with a button to press prior to inhalation were classified as AGD (Note: E-cig device size is directly related to the size of the battery).
Participants provided the flavor type, or the liquid brand name, and the liquid nicotine concentration (measured in mg/ml) in openended questions. If flavor types or brand names did not clearly indicate the flavor (eg, Papa Smurf), internet searches were conducted to identify and categorize the flavor. Tobacco or menthol flavors were considered traditional flavors. Non-traditional flavors were considered any liquid that was a fruit (eg, cherry, berry, apple) sweet (eg, chocolate, vanilla, desserts, candies), or a beverage (eg, coffee, alcoholic drinks, soda).
Finally, questions about user preferences included "Did you switch to your current preferred type of e-cig because it gives you a more satisfying "hit" than previous e-cigs your tried?" (Yes/ No) and "Which of the following e-cig characteristics (long battery life, fast battery charge, variety of liquid flavor, shaped like a cigarette) are important to you?" All device characteristics were rated as not important, a little important, or very important. For analysis, responses a little important and very important were combined to compare important versus not important.
E-cig dependence was measured using the Penn State Electronic Cigarette Dependence Index. 39 
Statistical Analysis
The data were analyzed using the SAS 9.3 statistical package. Means and percentages were calculated in order to identify differences between current FGD and AGD users. T tests (two-tailed) were used to compare continuous variables and chi-squared tests were used to compare categorical variables. A P value of less than .05 was used as the cut off for determining statistical significance.
Results
Participants in this study were primarily white (91.8%) and male (71.2%) with a mean age of 40 years. These participants were experienced e-cig users of approximately 1 year and used their e-cig about 22 times per day. Only18% of participants were current cigarette smokers. Figure 1 illustrates how participants transitioned from their first e-cig device to their current e-cig device. Two thousand six hundred three (58.9%) participants reported their first device as a FGD and 1818 (41.1%) reported their first device as an AGD. Among those whose first device was a FGD, 945 (36.3%) reported continuing to use a FGD while 1658 (63.7%) participants reported transitioning to an AGD. Among those whose first device was an AGD, 1715 (94.3%) reported continuing to use an AGD while only 103 (5.7%) reported transitioning to a FGD. This means that 1048 participants are current users of a FGD and 3373 participants are current users of an AGD.
Results showing the differences between current users of FGD and AGD are displayed in Table 1 . Those currently using an AGD were younger (t(1603) = 10.6, P < .0001), more likely to be male (x 2 = 174.7, P < .0001), and more likely to be educated beyond high school (x 2 = 4.5, P = .0345). Also, they used their e-cig more times per day (FGD 11.7 times/day vs. AGD 24.8 times/day, t(2685) = −19.2, P < .0001) and had used an e-cig device for a longer period of time (FGD 8.3 months vs. AGD 12.9 months, t(2174) = −12.0, P < .0001).
The Penn State Electronic Cigarette Dependence Index indicated that participants currently using an AGD exhibited greater e-cig dependence (FGD 7.1 vs. AGD 8.3, t(1534) = −9.0, P < .0001), despite using a liquid with a lower nicotine concentration (FGD 19.1 mg/ml vs. 15.1 mg/ml, t(1223) = 9.8, P < .0001), when compared with FGD users. Seventy-seven percent of AGD users stated that they switched to their current device because it delivers a more satisfying hit (FGD 58.6% vs. AGD 77.1%, x 2 = 137.3, P < .0001). In addition, these users were less likely to be currently smoking conventional cigarettes (FGD 39% vs. AGD 10.5%, x 2 = 454.4, P < .0001).
Most participants rated long battery life and a fast battery charge as important characteristics, however a greater proportion of participants currently using an AGD rated long battery life as important (FGD 90.6% vs. AGD 98.6%, x 2 = 157.6, P < .0001). Also, participants using an AGD were more likely to rate a variety of flavor choices as important (FGD 54.6% vs. AGD 94.9%, x 2 = 1033.4, P < .0001) but were less likely to rate the devices' resemblance to a cigarette as important (FGD 84.0% vs. AGD 8.7%, x 2 = 2306.9, P < .0001).
Discussion
This study is the first to demonstrate that e-cig users are likely to report initiating use with a device resembling a cigarette and later transition to a larger device with a more powerful battery and a manual button. In addition, this study found that when compared with current users of a FGD, current AGD users are more dependent on e-cigarettes and less likely to be smoking conventional cigarettes, despite using a nicotine liquid with a lower nicotine concentration.
This finding that the majority of e-cig users initiated use with a FGD, but that most users are currently using an AGD, is consistent with findings from a representative sample of current and former cigarette smokers surveyed in 2013. 31 This study found that while 47% of participants had tried an e-cig ("ever" users), 16% has used in the last month ("current" users), and only 3.8% had used both in the past month and at least 50 times ("established" users). Among "ever users," over 70% had tried one of the five leading FGD brands and only 38% had tried another brand that could include an AGD brand. Among "established" users, over 70% had tried one of the leading FGD brands but 64% had also tried a device than could include an AGD brand. Also of interest, 35% of "established" users with a preferred brand used a "vaporizer" style, which is another term for an AGD. This is consistent with the idea that smokers who have just tried e-cigs a few times have typically used a FGD, whereas those who become a more regular established user are more likely to have transitioned to using an AGD.
The present study also identified differences between current users of FGDs and AGDs that may provide insight into the reasons that user's choose their device or transition to different type. One of the most notable differences was that participants using an AGD were more dependent on their e-cig device and less likely to be currently smoking traditional cigarettes, in comparison to users of a FGD. Also, users of an AGD, who exhibited greater dependence, were using liquid with a lower nicotine concentration than users of a FGD, who exhibited lesser dependence. This could be explained in multiple ways.
First, a lab study by Farsalinos et al. suggested that AGDs produce higher peak plasma nicotine levels, and a shorter time to peak, than FGDs, when loaded with the same nicotine concentration. 32 Also, a series of studies at Virginia Commonwealth University found that FGDs deliver very low nicotine levels but that AGDs can deliver blood nicotine levels similar to those resulting from smoking a cigarette. [33] [34] [35] [36] 40 These studies suggest that if the device can efficiently deliver nicotine, users can absorb a satisfying dose of nicotine even when using a liquid with a lower nicotine concentration. This finding is also supported by the present study which found 77% of current AGD users switched to their current device because it gives a more satisfying hit, a sensation related to nicotine delivery. 32, 41 Second, it is possible that users of AGDs, who have used an e-cig for an extended period of time, have learned how to get the most nicotine from their device. 34, 35, 37, 42, 43 Hajek et al. determined that e-cig users obtained higher blood nicotine levels from the same e-cig device after practicing with the device for 4 weeks. 42 In addition, interviews with e-cig users revealed that they found e-cigs to be complex and stated that they had to learn the best vaping techniques. 37 As there appears to be a learning curve with e-cig devices, it is not surprising that studies have found that many smokers try e-cigs, most likely FGDs, 31 but only a small proportion continue to use them. 7, 31, 44 Also, it is possible that users who initiate with a FGD (reported to deliver 2-3 ng/ml after 5 minutes) 45 return to smoking partly because their e-cig delivers a relatively small amount of nicotine when compared to cigarette (reported to deliver 14 ng/ml in the same time). 45 In regards to device characteristics, the majority of all users thought that long battery life and fast battery charge were important characteristics of an e-cig. Specifically, users of an AGD rated having a variety of flavor choices as important and were more likely to be using a flavored liquid than users of a FGD. This result was not unexpected as it has been reported that more flavor choices are available to users of AGD. 23 Because of the flavor choices associated with AGDs, it is possible that some users transition from their FGD to an AGD because they want to have more flavor choices. In addition, AGD users did not find the device's resemblance to a cigarette to be important, however, the majority of FGD users did. A qualitative interview by McQueen et al. found that e-cig users preferred their first e-cig device to resemble a cigarette 37 and that may be why a large number of e-cig users start with a FGD.
It should be noted that the participants completing this survey were experienced and enthusiastic e-cig users. It is expected that these participants may have a more positive view of e-cigs as they are long term users who self-selected themselves to complete the survey. Users of e-cigs who did not complete the survey may have stopped use due to negative experiences, such as experiencing side effects, or they may not be interested in completing the survey. In addition, this survey was cross-sectional in nature and therefore relied on the retrospective report of the participants to detail the transition from their first device to their current device.
Conclusion
This study is the first to illustrate how experienced e-cig users' transition between different device types and to directly compare current users of FGD and AGD. It was found that e-cig users are likely to begin use with a FGD shaped like a cigarette and transition to a larger advanced generation device with a manual button, but not vice versa. The results suggest that e-cig users' transition to advanced generation may be related to their experience that such devices deliver a "more satisfying hit." Comparisons between means were calculated with two-tailed t tests and comparisons between percentages were calculated using Chi-square analysis.
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